Nanotechnology has generated a great deal of excitement world-wide and is being cited as the key technology of the 21 st century. Nanotechnology provides a 'window of opportunity' for countries like India that tends to address developmental problems and forge economic growth through technological intervention. Emerging technology such as nanotechnology provides a level playing field as even advanced OECD economies are developing competency in this technology. From 2001 onwards, Government of India has given special attention to this area. The present study examines through bibliometric and other innovation indicators (standards, products/processes developed) the present state of development of nanotechnology research and innovation in India. These findings are discussed in the context of China's activity in this field.
Introduction
Nanotechnology has generated a great deal of excitement world-wide and is being cited as the key technology of the 21st century. Nanotechnology is not a discreet technology or an industry sector. It simply refers to a range of technologies that operates at the nano-scale (roughly 1-100 manometers, one nanometer is 10 -9 meter). Novel properties manifests at the nano scale which makes this technology so exiting. Nanotechnology is already addressing key economic sectors namely materials and manufacturing (coatings and composites for products like automobiles and buildings), ICT and electronics (displays, chips, photonics, batteries), health and fitness, food and beverages and life sciences (pharmaceutical applications). Nano-applications can provide solutions in areas that are of pressing concerns in developing and improvised economies i.e. environment, water purification, agriculture, energy and in a host of other products and services. Nanotechnology provides a 'window of opportunity' for countries like India that tends to address developmental problems and forge economic growth through technological intervention. Emerging technology such as nanotechnology provides a level playing field as even leaders are also developing their competency.
From 2001 onwards, Government of India has given special attention to this area. Nanotechnology was launched as a mission mode programme in the Xth plan (2002) (2003) (2004) (2005) (2006) (2007) ; programme termed as NSTI (Nanoscience and Technology Initiative) with an allocation of Rs 60 crores. In 2007, this programme was upgraded with another major initiative known as 'Nano Mission' with a budgetary allocation of Rs. 1000 crore for 5 years. These programmes intend to create necessary innovation climate for nanotechnology in India 1 . At this juncture when the mission mode programme is to complete its period soon, it is important to evaluate to what extent governments stimulation has led to creation of capacity and capability, and development of applications. The present study attempts to evaluate the development of this field in India using bibliometric (publication and patents) and other innovation indicators (standards, products/processes developed). We argue that multiple applications of indicators can show the contemporary status of nanotechnology development in India.
Developing innovation capability/competency is an immense challenge in nanotechnology as it is an emergent science based area having idiosyncratic characteristics and complexity, requiring development of competitive R&D infrastructure, significant R&D investment, skilled manpower having interdisciplinary competence, access/development of sophisticated instruments, entrepreneurship, and requiring synergy among divergent set of stakeholders.
There have been an increasing number of studies to uncover the developing scenario of this field using bibliometric methods. Four major strands of research has occurred in nanotechnology based bibliometric studies namely who is winning the nanotechnology race, examining to what extent the field is interdisciplinary, to what nanotechnology is becoming path dependent and whether nanoscience and nanotechnology are closely interlinked 2 . Among the influential contributions in this area has been the work of Kostoff et al. 3 A drawback of the majority of bibliometric studies have been the reluctance to capture indications from other key indicators that can provide a more complete 'picture' of the contemporary status of this field. The present study attempts to fill this gap by applying bibliometric and other innovation indicators to capture the dynamics and development of nanotechnology in a more informed manner.
Methodology
The present study is based on capturing data from varied secondary sources.
Web of Sciences' Science-citation index-expanded (SCI-E) and data of US patent office accessed from Delphion Patent database was used for capturing publication and patent data. Indian domestic patents were captured from India.bigpatents.com. Publication activity provides good indication of innovative capability in knowledge intensive areas as evolution is contingent on strong interaction with scientific research. Not all products are patented and not all patents yield products. However, patenting activity demonstrates the inventive ability of a firm or a country and a possible indication of creating future novel products particularly applicable to knowledge intense areas such as nanotechnology. In addition involvement of various actors and linkages among them can be revealed through bibliometric indicators.
For an emerging technology, standard setting is a key strategy as it can shape future market for domestic firms if the technical standards created by a country are adopted internationally. For a country with a large domestic market, technical standards created by it in a particular product class can also become a useful strategy for dominating internal market and influence future adoption of that standard internationally. Standards being developed were delineated from metrology activity of BIS, NPL, etc. Products/processes developed provide final indication of a country (ies)/firm(s) ability to assert in a particular technology. Indian Business Insight Database (newspaper clipping service), annual reports, etc were used to capture application development. It is surprising to note that China has emerged as the leading country in the publishing race. India is much behind the leaders, but is among the top ten countries publishing in this field. Figure 2 shows some of the emerging Asian economies who are developing scientific capacity. Material Science, Physics and Chemistry are three dominant areas of India's research. We observe that within nanotechnology, these three areas also have strong focus. Computer science, agriculture, and pharmacology (pharmacy) are also areas where publication activity is increasing. These areas are also important within nanotechnology. However, we find these are not major areas of research activity within nanotechnology field. 
Findings

Publication Analysis
Keyword Analysis
Keywords delineate each research article and provide signal to others of the key aspects that form the core of the said article 12 . In patents, classifications provide insight of the technology class in which the patent belongs. This is useful but for emerging technology where field of evolution is fast, keywords extracted from patent title and/or abstract can provide a more current delineation. In the present exercise we have extracted conceptual words from patent topics. Table 3 highlights the prominent keywords visible in publication and patents. To what extent Indian researcher papers are attracting visibility is examined through top 1% cited papers in this filed (Table 4 ). Only three papers were among the top 1% cited papers in 2003, and six papers in 2005. In 2009, India made its presence more visible with twenty-six of its papers among the top 1% cited papers in nanotechnology (see Table 5 ).
However w.r.t. total output, number of Indian papers in top 1% cited papers is low in comparison to ratio of majority of active countries. Figure 7 illustrates the top 1% cited papers that were outcome of collaborations.
Figure 7: Network of Linkages among Institutions in Highly Cited Papers (2009)
Among the twenty-six papers, 65% of papers (seventeen) are collaborative papers. Thus, collaboration is playing an important role in papers getting high degree of visibility. We observe foreign organisations also involved in collaborative linkages. The above data shows that there is an absolute increase in papers as well as citations over the years. Citation reception is to an extent a function of time i.e. dates of publication. So keeping this in contention Indian papers in later years seem to capture attention more quickly i.e. receiving citation (on an average) in a short period after publication. More detailed analysis will however clarify this picture further.
Pattern of Authorship
Science is no longer a matter of individuals. Most of the big projects are completed in groups. Thus, it is necessary to study collaborative intensity of authors (Table 6 ). 
Patenting activity
India has shown limited patenting activity in comparison to its publications. Thirty-five patents in the US patent office and forty-five domestic CSIR is the key player in IPO as well as in the USPTO. Academia is again dominating this activity; however, unlike US patent office, firms are actively involved in the IPO. Linkages are almost non-existent, only one linkage visible between IIT and ICI in application filled as well as in granted.. 
Standards and Products
International Organization for Standardization -Technical Committee 229 is responsible for developing international guidelines for nanotechnology. In Table 8 highlights some of the application that has been developed or being developed in these sectors. Nanotechnology as a priority area of research was articulated more or less at China's active involvement in standard creation and adoption is its overreaching strategy for future technology domination in this critical field.
Product -Processes Developed
This can be seen from its standard developed for textile industry. The adoption of this standard in nanotechnology embedded textile makes the textile more acceptable to consumers and also gives a brand value in the global market. China's nanotechnology products are visible in international markets. For example Woodrow Wilson database of nanotechnology product inventory globally (see www.nanotechproject.org) lists over 1000 consumer products in eight different application areas. After USA, Korea and Germany, China has the maximum number of products in this inventory i.e. 63 products.
None of the Indian firms have any product in this inventory. Thus China providing learning lesson i.e. with strong strategic focus, it is possible to emerge as a leading country in a frontier area of research. India needs to become more aggressive like China to make its presence more strong in the international stage.
